Theoretical and experimental investigations were carried out for development of human lens implants made from hydrogel material. The material properties were measured and implemented in a Finite element model. Though the material is still too stiff for accommodative lenses, the theoretical and experimental foundations for the implant development were established.
Introduction
The development of accommodative intraocular lenses has not achieved a sustainable success so far, though numerous concepts were developed and tested. Especially the replacement of the lens material, which is becoming harder with the age, remains still a competitive concept due to its simplicity.
The filling of the lens capsule with curing polymer was further enhanced, however, the risk of the exact dosing of the lens content and the requirement of capsular sealing remain as well as the uncertainty of ensuring the optical quality of the lens. Therefore, an alternative concept of lens implants made of expandable biocompatible hydrogels was investigated, which allows a relatively simple implantation and an exactly defined lens shape.
Finite element investigations of lens sections as well as material compression tests between parallel plates are used to check the material data of a given lens material and its usability for artificial intraocular lenses made of hydrogel.
Material and Methods

Determination of material data by compression test
An important point in this concept is to ensure the optical and mechanical material properties, which allow a deformation of the lens with accommodation. From earlier finite element investigations (e.g. Burd et al [1] ) and comparison with measurements the required material properties of the human native lens and its capsule are approximately known. Hence, the hyperelastic material law of hydrogel test specimens was determined for lens implants in compression tests and evaluated in finite element models of hydrogel test specimens, as well as of lenses.
Cylindrical test specimens with diameters of 10 mm and 2 mm height (in unexpanded condition) were tested in compression tests. Specimens of the hydrogel were tested in pressure test after an expansion time of at least 24 h between two parallel plates in a material testing machine. The nominal stress-strain-diagrams show a hyperelastic material behaviour ( Figure 1 ). In order to evaluate the influence of the transverse contraction restraint due to friction on the results, finite element models of the pressure tests were analysed with and without transverse contraction.
Investigation of deformation of lens implant specimens in finite element models
From the shape change of a lens implant due to the centrifugal load in a specially designed test device such as 
Results and Discussion
The material data determined by pressure tests in the material testing machine show that the given hydrogel is still too stiff to use it for lens polymer. The values of the secant modulus are with about 20 kPa considerably higher than the values for nucleus (0.55 kPa) and cortex (3.42 kPa) for a 29 year old lens. A considerably softer hydrogel material has to be developed, taking also the optical refraction index of the natural lens material into consideration. Nevertheless, a two dimensional axisymmetric finite element model for the investigation of lens implants under centrifugal load was developed, which can be used for the investigation of implants under centrifugal load.
The model has the shape of the lens according to Burd, however, it can be adapted to the contours of the lens implant. A comparison between measurements and computed results of the deformation with radial load on the lens implant is thereby possible (Figure 2 ).
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